IMPORTANCE Individuals with documented disabilities may receive accommodations on the Medical College Admission Test (MCAT). Whether such accommodations are associated with MCAT scores, medical school admission, and medical school performance is unclear. OBJECTIVE To determine the comparability of MCAT scores obtained with standard vs extra administration time with respect to likelihood of acceptance to medical school and future medical student performance. DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study of applicants to US medical schools for the 2011-2013 entering classes who reported MCAT scores obtained with standard time (n = 133 962) vs extra time (n = 435), and of students who matriculated in US medical schools from 2000-2004 who reported MCAT scores obtained with standard time (n = 76 262) vs extra time (n = 449). EXPOSURES Standard or extra administration time during MCAT. MAIN OUTCOMES AND MEASURES Primary outcome measures were acceptance rates at US medical schools and graduation rates within 4 or 5 years after matriculation. Secondary outcome measures were pass rates on the United States Medical Licensing Examination (USMLE)
T he Medical College Admission Test (MCAT) is a standardized examination that measures knowledge of undergraduate introductory-level biology, chemistry, and physics concepts along with higher-order thinking skills important for success in medical school. MCAT scores are required for admission by most medical schools in the United States and Canada and predict a variety of local and national student outcomes across all 4 years of medical school. [1] [2] [3] [4] Individuals with documented mental disabilities (eg, learning disabilities, attention-deficit disorder or attention-deficit/hyperactivity disorder [ADD/ADHD], psychiatric disorders) or physical disabilities (eg, impairments related to vision, mobility, hearing) may receive testing accommodations on the MCAT and other admissions tests in accordance with professional testing standards and federal law. 5(pp67,68), 6 Testing accommodations are alterations to standard test administration procedures 7 designed to enable test takers to show their proficiencies rather than the extent of their disabilities. 5(p67) Examples of accommodations include presentation of testing materials in large print, extra testing time, a separate testing room, or authorization to bring an inhaler into the testing room.
Ideally, testing accommodations are unrelated to the knowledge and skills being assessed by a test 8 so that scores obtained under accommodated conditions have the same meaning as scores obtained under standard conditions. 5(pp65,66) Comparable scores from standard and accommodated testing conditions should predict comparable levels of student performance in medical school. Extra administration time (extra time) is a common accommodation for a variety of mental and physical disabilities [9] [10] [11] [12] [13] and is the most frequently provided accommodation on the MCAT. 14 This study investigated the comparability of MCAT scores in relation to medical school admission and medical student performance for individuals who had scores obtained with standard vs extra time.
Methods
This study was approved by the institutional review board of the American Institutes for Research (FWA00001666) as part of the MCAT program's psychometric research protocol. Individuals provided explicit consent for their data to be used for research purposes when they registered for the MCAT. All data were deidentified before analysis by removing all personally identifying information.
Study Populations
We studied data from 2 time intervals using data maintained by the Association of American Medical Colleges (AAMC). For each time interval, data for each application or matriculation year were constructed independently and then combined into a single data set. In both data sets, only individuals whose medical school applications included both MCAT scores and total cumulative undergraduate grade point averages (UGPAs) were included.
To examine acceptance rates reflecting current admissions practices, MCAT test administration and accommoda-tions procedures, extra-time conditions, and disability status of recent applicants, we studied all applicants to 140 US MD-granting medical schools for the 2011-2013 entering classes. For each application year, a record included application and acceptance data for a single applicant to a single medical school, including demographic data (sex, age at application), MCAT data at the time of application (the most recent MCAT section and total scores, the amount or type of extra time [25%, 50%, 100%, nonstandard breaks], an indicator denoting if the MCAT scores were from the first or a repeat attempt), disability status, UGPA, medical school institution code, and an admission acceptance indicator. Applicants who applied to more than 1 medical school within the same application cycle were included once for each medical school to which they applied. Applicants who applied in more than 1 year were included in each year they applied; each record reflects the application and acceptance data that were relevant for that year and school only.
To examine medical student performance outcomes, we studied all students matriculating to US MD-granting medical schools from 2000-2004. All students in these analyses had at least 8 years to graduate, twice the time associated with a typical 4-year medical school curriculum. For each year, a record included application and outcome data for a single medical student, including medical school institution code; demographic data collected in the application (sex, age at application); MCAT data at the time of application (the most recent MCAT section and total scores, an indicator denoting if the administration included extra time, an indicator denoting if the MCAT scores were from the first or a repeat attempt); UGPA; pass/fail outcomes on the United States Medical Licensing Examination (USMLE) Step 
Admissions Variables
The MCAT total score was the sum of an individual's scores on the 3 multiple-choice sections of the MCAT in place from 1991 to January 2015: Verbal Reasoning, Biological Sciences, and Physical Sciences. The Verbal Reasoning section assesses the ability to understand, evaluate, and apply information and arguments presented in text. The Biological Sciences and Physical Sciences sections assess the ability to apply introductorylevel knowledge of biology, chemistry, and physics to solve scientific problems. Scores for each multiple-choice section are reported on a 15-point scale, resulting in an MCAT total score ranging from 3 to 45. As part of the MCAT accommodations determination process, individuals submitted information demonstrating functional impairment and past accommodations history, and approval to receive extra time was based on a careful review of this evidence. Individuals granted extra administration time were provided with 25%, 50%, or 100% extra testing time or nonstandard breaks; the accommodation of 25% extra time was added in 2007 and is relevant for the 2011-2013 cohort only.
Outcome Variables
Primary outcome measures were acceptance offers by US medical schools and graduation within 4 or 5 years after matriculation. Secondary outcome measures were passing Step 1, Step 2 CK, and Step 2 CS on the first attempt and eventually (defined as the last attempt on record as of May 22, 2014, when the data sets were constructed) and graduation within 6 to 8 years after matriculation. When analyzing graduation outcomes, we excluded students enrolled in joint programs (eg, MD-PhD) or other special programs that typically require more than 4 years of study, as well as students who were deceased prior to degree completion. All outcome measures were dichotomous; a score of 1 reflects success (eg, received an acceptance offer; graduated within 4 years), and a score of 0 reflects absence of success (eg, did not receive an acceptance offer; did not graduate within 4 years).
Statistical Analysis
The unit of analysis was the individual applicant or medical student within a US medical school. The admissions and student outcome data were compared for individuals who took the MCAT with standard or extra time, evaluating differences with t tests, χ 2 tests, and effect sizes estimates.
In addition to computing descriptive statistics on the admissions variables and student outcomes, multivariable logistic regressions were conducted to examine the predictive relationship between the set of admissions variables (MCAT total scores and UGPAs) and each of the primary and secondary outcomes. Both MCAT total scores and UGPAs were included in the regression analyses because admissions decisions are influenced by both measures of academic preparation 15 and because research has shown that together, MCAT scores and UGPAs predict future performance better than either one alone. 1 The association between the set of admissions variables and each outcome was examined within school to allow for differences in admissions processes, academic support, curricula, and evaluation across medical schools. For each regression model, the logit coefficients for MCAT total scores and UGPAs were estimated for individuals who tested with standard time only, entering MCAT total scores and UGPAs in a single step (the baseline regression model). Model discrimination was evaluated with the C statistic, defined as the proportion of times the model correctly discriminates a pair of successful and unsuccessful individuals. A C statistic of 0.50 indicates that the model performs no better than chance, a C statistic of 0.70 to 0.80 indicates modest or acceptable discriminative ability, and a C statistic of greater than 0.80 indicates good discriminative ability. Goodness of fit was evaluated with the G statistic, and P values less than .05 indicate that 1 or both predictors contributed significantly to the model. 16 The resulting parameter estimates from the withinschool regression analyses were applied to the data for students who tested with extra time, allowing a comparison of the predictive meaning of MCAT total scores obtained with extra time vs that of scores obtained with standard time at each medical school. By applying parameter estimates from the baseline regressions to data for individuals who tested with extra time, estimates of the probability of success (eg, graduating within 4 years) were obtained for each individual who tested with extra time.
To estimate overall prediction error, predicted and observed outcomes from the within-school analyses were aggregated separately for individuals who took the MCAT with standard vs extra time. For each group, the number (and percentage) who were predicted to succeed were compared with the observed number (and percentage) of students who succeeded. Positive differences indicated that fewer students who tested with extra time succeeded than predicted, whereas negative differences indicated that more students succeeded than predicted. Prediction error was evaluated with 95% confidence intervals and t tests (2-tailed), and differences in prediction error for students who tested with standard vs extra time were evaluated with effect size estimates (Cohen d) .
All statistical tests were 2-sided and considered significant at P < .05. All analyses were conducted using SAS version 9.3 (SAS Institute).
Results

Study Participants for Admission Analyses
In total, 98.0% (134 397/137 199) of the applicants to the 2011-2013 entering classes applied with both MCAT scores and UGPAs and were included in the analysis of admission decisions. Demographic characteristics, MCAT scores, and UGPAs for these applicants are shown in Table 1 .
The vast majority of these applicants took the MCAT with standard time (99.7% [133 962/134 397]) compared with extra time (0.3% [435/134 397]). Of the applicants who tested with standard time, 53.5% (71 680/133 962) were male, and the mean age at application was 24.3 years. Of applicants who tested with extra time, 56.3% (245/435) were male, and the mean age was 25.9 years. For these same applicants, 130 (29.9%) tested with 25% extra time, 236 (54.3%) tested with 50% extra time, and 38 (8.7%) tested with 100% extra time. A total of 59 applicants (13.6%) testing with extra time also received nonstandard breaks, and another 23 (5.3%) received nonstandard breaks that added time to their testing day but did not receive 25%, 50%, or 100% extra time in addition to their nonstandard breaks. Eight applicants (1.8%) were missing information about the amount of extra time. Of the applicants who tested with extra time, 337 (77.5%) had mental impairments (13 with psychiatric disabilities only and 324 with ≥1 impairments related to ADD/ADHD, learning, or psychiatric disabilities), 61 (14.0%) had physical impairments, 27 (6.2%) had both physical and mental impairments, 2 (0.5%) had other impairments, and 8 (1.8%) were missing information about type of impairment. A large percentage (80.2% [349/435]) had 1 or more impair-ments related to ADD/ADHD and learning disability. Of the applicants, 51.9% (69 797/134 397) applied with a single set of MCAT scores. The mean number of applications submitted to medical schools was 14.34.
There were no differences between MCAT section or total scores for applicants who tested with standard vs extra time (total: 28.3 vs 28.3; mean difference, 0.03 [95% CI, −0.49 to 0.55]; P = .92; d = 0.00; Biological Sciences: 9.9 vs 9.9; mean difference, −0.02 [95% CI, −0.22 to 0.18]; P = .84; d = −0.00; Physical Sciences: 9.4 vs 9.5; mean difference, −0.01 [95% CI, −0.23 to 0.21]; P = .93; d = −0.04; Verbal Reasoning: 9.0 vs 9.0; mean difference, 0.06 [95% CI, −0.14 to 0.26]; P = .57; d = 0.00), but mean UGPAs were significantly lower for applicants who tested with extra time (3.45 vs 3.53; mean difference, 0.08 [95% CI, 0.05 to 0.11]; P < .001; d = 0.24).
Study Participants for Medical Student Outcomes Analyses
In total, 93.2% (76 711/82 343) of the medical students in the 2000-2004 entering classes applied with both MCAT scores and UGPAs and were included in the analyses about medical student outcomes. Descriptive statistics for these students are shown in Table 2 .
The vast majority of these students took the MCAT with standard time (99.4% [76 262/76 711]) compared with extra time (0.6% [449/76 711]). Of the students who tested with standard time, 51.9% (39 561/76 262) were male, and the mean age at application was 23.7 years. Of applicants who tested with extra time, 56.6% (254/449) were male, and the mean age was 25.7 years. Sample sizes for analyses of specific student outcomes ranged from 62 195 to 75 087 and varied because each analysis was conducted only on students for whom outcome 
Admissions Outcomes
The number and percentage of medical students who received acceptance offers are summarized separately for students who tested with standard vs extra time in Table 3 . In total, 43.9% (191/435) of applicants who tested with extra time in 2011, 2012, or 2013 were accepted into medical school, compared with 44.5% (59 585/133 962) of those who tested with standard time (difference, 0.6% [95% CI, −4.1 to 5.3]; P = .81; h = 0.01).
Within-school regression analyses predicting acceptance offers from MCAT total scores and UGPAs for applicants who took the MCAT with standard time were conducted on application data from 140 medical schools and included a total of 1 920 155 applications from 133 962 applicants; applicants applied to a mean (SD) of 14.1 (11.23) medical schools. The median and interquartile ranges (IQRs) of the C statistics and G statistic P values for these analyses are summarized in Table 4 . Across the 140 schools, the median C statistic was 0.77 (IQR, 0.72-0.81), indicating modest discriminative ability, and the median G statistic P value was P < .001 (IQR, P < .001-P < .001).
A comparison of prediction error for applicants testing with standard vs extra time is shown in Table 5 . Applicants taking the MCAT with extra time (n = 435) submitted 7853 applications to 138 of 140 medical schools in the study; applicants applied to a mean (SD) of 18.1 (13.20) medical schools. The total number of observed acceptance offers was 379, while the number of offers predicted based on the logistic regression analyses was 383.5, a difference of 4.5, or 0.1% (4.5/7853; [95% CI, −0.5% to 0.6%]; P = .83). Differences in prediction error for applicants who tested with standard vs extra time resulted in a d value of 0, indicating that there was no difference in acceptance decisions between the 2 groups after controlling for MCAT total scores and UGPAs.
Medical Student Performance Outcomes
The number and percentage of medical students who succeeded on outcomes related to USMLE Step examinations and graduation from medical school are summarized separately for students who tested with standard vs extra time in Table 3 . Students who took the MCAT with extra time passed the USMLE Step examinations on their initial attempt at significantly lower rates than students who took the MCAT with standard time. (Table 3 ).
Medical students who tested with extra time also graduated at significantly lower rates than students who tested with standard time. For example, the comparison for graduation within 4 years was 67.2% (285/424) vs 86.1% (60 547/70 305) (difference, 18.9% [95% CI, 15.6% to 22.2%]; P < .001; h = 0.46). For graduation within 5 years, the comparison was 81.6% (346/424) vs 94.4% (66 369/70 305) (difference, 12.8% [95% CI, 10.6% to 15.0%]; P < .001; h = 0.41). More than 10% (45/424) of students who tested with extra time did not graduate within the time frame of the study, compared with approximately 3% (2320/70 305) of students who tested with standard time (difference, 7.3% [95% CI, 5.6% to 9.0%]; P < .001; h = −0.30).
The results of the within-school regression analyses predicting medical student outcomes from MCAT total scores and UGPAs for students who took the MCAT with standard time are shown in Table 4 . Across the different outcomes, the number of medical schools included in the analyses ranged from 47 to 126 and varied because analyses were not conducted on any outcomes for which all students in a medical school who took Abbreviations The results of regressions across medical schools as a single-pool analysis that included all schools and all students in this cohort were nearly identical to the results reported here. Therefore, this table presents the results of the within-school analysis only. the MCAT with standard time succeeded. Median and IQR ranges for the C statistics were greater than 0.5 for all outcomes, but the discriminative ability of the models were greater for passing Step Step 2 CK on the first attempt (passed on first attempt:
Step 1, median, P < .001 [IQR, P < .001-P < .001];
Step 2 CK, median, P < .001 [IQR, P = .03-P < .001]) and graduating within 4 or 5 years of matriculation (graduating within 4 years, median, P = .003 [IQR, P = .13-P < .001]; 5 years, median, P = .03 [IQR, P = .24-P = .003]). A comparison of prediction error for medical students testing with standard vs extra time is shown in Table 5 . MCAT total scores and UGPAs overpredicted the likelihood of passing the USMLE Step examinations for medical students who took the MCAT with extra time; observed success rates for these students were significantly less than the predicted success rates. The overprediction rate for passing the Step 1 examination on the first attempt was 10.6% (44.6/419 [95% CI, 8.5% to 12.8%]; P < .001); for Step 2 CK, 8.4% (34.3/408 [95% CI, 6.4%-10.4%]; P < .001); and for Step 2 CS, 4.5% (14.1/312 [95% CI, 2.6% to 6.4%]; P < .001). Overprediction rates for eventually passing the Step examinations were between 0.3% and 1.7% (Table 5) . d values associated with the differences in prediction error for students who tested with standard vs extra time ranged from 0.27 to 0.47 for the first attempt outcomes and 0.06 to 0.28 for the eventual outcomes, representing small effect sizes 17 for all results except for eventually passing Step 1 and Step 2 CS.
MCAT total scores and UGPAs also overpredicted graduation outcomes of students who tested with extra time. The amount of overprediction ranged from 17.0% (71.9/424 [95% CI, 13.8% to 20.1%]; P < .001) for graduating within 4 years to 7.7% (32.7/424 [95% CI, 6.0% to 9.4%]; P < .001) for graduating within 8 years, twice the number of years associated with a typical 4-year undergraduate medical education program. d values associated with the differences in prediction error for students who tested with standard vs extra time ranged from 0.42 to 0.53 for the graduation outcomes, representing small to medium effect sizes. 17 
Discussion
This study investigated the rate of admission to medical school, medical student performance, and time to graduation for individuals who took the MCAT with standard vs extra administration time. Mean MCAT scores and rates of acceptance to medical school were not significantly different for applicants who had MCAT scores obtained with standard vs extra time, yet students who tested with extra time performed less well on the USMLE Step examinations and graduated at significantly lower rates at various times. They passed their USMLE
Step examinations at lower rates on the first attempt and eventually and were less likely to graduate within 4 to 8 years af-ter graduation compared with students who had MCAT scores obtained with standard time.
These performance differences persisted after controlling for MCAT scores and UGPAs; MCAT scores and UGPAs overpredicted students' academic performance in medical school. Research has shown that MCAT scores obtained with extra time overpredicted Step 1 scores. 18 The current study extends these findings, showing that MCAT scores obtained with extra time overpredicted students' first and eventual pass/fail outcomes on the USMLE Step 1, Step 2 CK, and Step 2 CS examinations and likelihood of graduating from medical school within 4 to 8 years after graduation. Other educational testing programs have reported similar results. 19, 20 These findings should be considered in light of changes to the MCAT 21, 22 that take effect in 2015, which include testing a broader set of knowledge and skills than the prior MCAT did. In addition to testing information processing skills and knowledge of biology, chemistry, and physics, the new MCAT will also test knowledge of biochemistry, psychology, and sociology, with an increased emphasis on scientific reasoning skills. However, the expanded focus of the new MCAT may not reduce the overprediction of future performance for medical students who take the MCAT with extra time.
The MCAT redesign drew from a wide evidence base, including research about the effect of additional testing time on scores from standardized tests. Research on the MCAT has shown that extra time is beneficial for most examinees. 23 As a result of these and subsequent analyses, and in accordance with professional testing standards, 5(p90) the redesigned MCAT will increase the amount of working time per question by between 13% and 20% per section (S. H. Oppler, PhD, Vice President, Certification Research and Analysis, Society for Human Resources Management, oral communication, November 2014) to reduce potential time barriers that may make it difficult for examinees to demonstrate their proficiency. Providing more working time may decrease the need for extra testing time and reduce the differences in predictive meaning between scores obtained under standard vs extra time conditions. Even with these changes, more research is needed to carefully tailor the amount of extra time needed by individuals with disabilities who take the MCAT. Currently, it is common for individuals with disabilities to receive 50% or 100% additional time on standardized examinations. 24 In addition to these extra-time accommodations, in 2007 the AAMC began offering 25% extra time in response to research suggesting that a smaller amount of additional time may be sufficient in some cases. 25 Future research should compare the amount of overprediction for scores obtained with 25%, 50%, and 100% extra time to assess whether a smaller amount of extra time results in MCAT scores that are more comparable with scores obtained with standard testing time, which would support the practice of more carefully tailoring the amount of extra time provided to the needs of examinees.
The poorer performance on the USMLE Step examinations, and the longer time needed to graduate from medical school for individuals who have received extra testing time on the MCAT, also suggest that medical schools should examine their learning environments and support systems for individuals with disabilities. Medical school educators and administrators need a better understanding of potential barriers to medical education for students with disabilities in order to develop evidence-based policies, procedures, and resources. [26] [27] [28] [29] Research on the performance of medical students with disabilities at one medical school found that although most of the students with disabilities at that school performed well academically and clinically, overall, medical students with disabilities performed less well than students without disabilities on measures of academic performance and were less likely to graduate. 30 This research also found that, for this institution's medical students with disabilities, the magnitude of differences in clinical performance varied by type of disability. More research is needed to understand the interplay between type of disability and performance differences to improve the medical education process for students with disabilities. [31] [32] [33] The limitations of this study include lack of access to other admissions data that might influence the results of the multivariable analysis predicting medical student outcomes from admissions data, as well as information about the accommodations provided on the USMLE Step examinations and how they compare with MCAT accommodations for each individual. Admissions decisions are based on a wide range of other academic, experiential, and demographic/biographic information 15 not examined in the present study. Including these variables might have improved the ability to discriminate successful from unsuccessful performance on more distal medical student outcomes such as graduation within 5 to 8 years. We also do not know whether or how each medical school weighed the annotation on the MCAT score report that an applicant tested under nonstandard conditions in making admissions decisions. We also lacked complete data on disability status and the amount of extra time received on the MCAT for medical students entering from 2000-2004, information that might allow for a more careful consideration of the disability and accommodation types that lead to more accurate prediction of medical student performance.
Conclusions
Among applicants to US medical schools, those with MCAT scores obtained with extra test administration time, compared with standard administration time, had no significant difference in rate of medical school admission but had lower rates of passing the USMLE Step examinations and of medical school graduation within 4 to 8 years after matriculation. These findings raise questions about the types of learning environments and support systems needed by students who test with extra time on the MCAT to enable them to succeed in medical school.
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